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the Kav&l Ordnance Test Station does act wish to claim crectl 
for the development of the lassie circuits of the amplifier described 
ia this reporta iickno'sleegesssnt is sad® of the aisdlsritj of this 
amplifier to analog ooapute? amplifiers manufactured and is us® by 
the Bell felephoaa Laboratorias* Sadie Corporation of toarica, and 
Beeves Instrument Company® Tfc© particular design of - the. amplifies* 
described is this report was chosen to supplement the present analog 
computer equipment now being used by the Aviation Ordnance Deportment 




This material is not to be reproduced and is 
and subject to later revision or deletion. The 

do not necessarily represent the views of the 
an 

do UND NOTS 499 {Rev. 4-49) 

UND NOTS 499 fRev. 4-49) 



PRELIMINARY DATA 

transmitted for the exclusive use of the indicated 
opinions and conclusions expressed herein are those 
Naval Ordnance Test Station. 



recipient. The data presented are tentative 
of the individual preparing this report and 

DPPO San Diego — WS — EL — 453 1 



m*ry s>an uieg o — wo — c.ij — wi 




ilFXiOI) 



ESGSHXCAL Mmmjmm sc 



ns? ► 1 OO 



IBSfEtCf 



Shis report presents details of a, d-e amplifies? which ms de- 
signed for use as & feedback amplifier with an analog computer® 

It is shown that with the proper series sad feedback cosj- 
poneate the amplifier may he used for summing* solbiplyiBg* 
differentiating* Integra ting, end combined operations* Multipll~ 
cation by quantities up to 1000 is expected to be possi ble v 
outputs of up to jt 100 volts at 10 m are available, -and accuracy 
is good® 

. . fffce operation of a chopper circuit which keeps the input 
grid at ground potential is described* Other circuit operations 
are described* and circuit diagrams for both the amplifier and its 
power supply ere included* 

# 

Amplifier and power supply construction is discussed* and 
layout diagrams are included* 
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She d m c amplifier described h&r-z has "beea designed for use with, 
tlx® Aviation Ordnance Bopartaeafc analog cosputar. fh© operation of 
Ms computer is described in feolxaiaa! Msserntte 4529-23 entitled 
•BOSS As&Xog Coxgouting Facility* 6 "by ?. E. Briggs. 



Shis report describee the amplifier, discusses its operation, 
and evaluates its performance whaa used as a multiplier, aa inte- 
grator, or s, differentiator* fhe amplifier maintains its oisgsat 
grid very nearly at ground potential by use of a chopper circuit « 

Sae feedback amplification for the frequencies of interest is very 
high, the stability is good, and the output impedance is sufficient- 
ly low for most- purposes*. 



She circuit diagram of a single amplifier 



shows. 






S£ 



331323 while a layout diagram for a hank of ten amplifiers is shown 
in Bwg. SK- 332324* She group of ten amplifiers is supplied iron a 
power supply whose circuit and layout are shown in Bwg. SK 
and 9wg» S£ 331326, respectively. these circuits are dis- 
cussed in the following pages » 



B&scRxmoff 



circuit of the amplifier is shown in Bwg. 3S 331323 * In 
this drawing no series input or feedback elements are shown, but 
they must be considered is evaluating the circuit performance* la 
actual us © these external components are connected between terminals 
os s breadboard which is external to the amplifier cabinet. Con- 
sections between these external terminals and the amplifiers are 
made through shielded leads. Figure 1 (a, b* and c) illustrates the 
of the amplifier as an integrator, summer and multiplier, or 
antiator by use of the proper series and feedback components* 

A generalised' circuit is shown in Fig. 1 (d) in which both input arid 
feedback impedances use parallel resi s tor-condenser combinations » 

She circuits of. Fig* 1 (a, b, and e) say be derived from this circuit, 
and other circuits aey be derived by using single series or feedback 
elements la combination with, parallel elements in the other Inpedeu&ce. 



general circuit may be used to perform several operations in one 
amplifier. In particular, it might be used to set up network trans- 
fer functions ®o that tbs response of a circuit to its input might 
be found using only a few amplifiers. 
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Qas of the most important functions of the amplifier circuitry 
is to maintain the grid of the input tube { 71 } at ground potential® 

In operation* any deviation of this grid from ground results is as. 
a*”© signal at the grid of 72 , through the action of the chopper in 
grounding the d~c signal at a 60 cycle/ sec rate® Shis a-® signal 
is approximately a square save whose peak to peak amplitude is equal 
to the difference is voltage 'between the grid of 71 and ground, fids 
square wave is amplified in two stages and then synchronously recti- 
fied by the chopper which acts in the manner of a clasp circuit. 

She rectified wave is then filtered through a Pi section SC filter 
which attenfcoates frequencies above three to five cycles* and thus 
eliminates the 60 cycle components of the rectified wave. She re- 
sulting signal is cathode coupled through the other half of ' 71 , 
then amplified through the rest of the amplifier, and fed. hack 
through the feedback element to the grid of 71 where it is of such 
polarity as to correct the deviation ©f the grid from ground 



potential, f he gain of the chopper 



sfcioa of the amplifier is a* 



bout 120, and the gain through the rest of the amplifier is about 
16,000 so the effective gain of the .amplifier for frequencies from 
d-c up to about 3 cycles is nearly 2,000,000, 



Measurement© showed that the input grid sight be adjusted to 
within several hundred microvolts of ground potential with relative 
ease. When the input grid is seroed as well as possible with & 
filament supply voltage of about 6=6 volts, it is found that the 



grid voltage varies between about 



to 1.7 millivolts when the 



filament voltage is varied between 5*8 a .ad 7.0 volts. When the 
amplifier is connected as an integrator, a deviation from ground 
of 2.0 millivolts at the input grid would cause an error in the 
output voltage of 0.12 volt at the end of one minute when an SC time 
constant of 1 is used. Since the time of computer operation is 
generally no sore than JO seconds, 'it can be seen that an appreciable 
variation is filament supply voltage will net cause serious errors 
in output voltage. When the amplifier is connected as a multiplier 
or differentiator , an error of 2=0 millivolts in grid zeroing will 
a negligible effect- an output voltage. 



Is normal operation the amplifier should be capable of operating 
with 'input si goals of less than $0 millivolts and with amplifications 
of more than 1000 . The per ceatage error due to finite amplifier gala 
mad© is assuming a multiplication of "%/%, is given by the following 
expression 



100 



Error 



percent 



£ 



2 
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wk@re series resistor 

E 2 — feedback resistor 
ii -.x amplifier gala 

Applying this equation it is found that the limit of anltlpllaation 
for a one per seat error is & ~ 20 s 000« fhe actual upper limit of 
multiplication is less than this since there are limitations imposed 
fey the maxima® output voltage and the minimum input (voltage 
a&cessary to exceed, tea voltage and aero deviation voltage)* 2*hs 
minimum input voltage will increase as the gain increases since 
there is then less feedback to eliminate hum and zero deviation* 

Shsse considerations will probably limit the smx'imm gala to less 
than 2000* Integrating periods of more than 1 min* are possible* 
and accuracy is good under most conditions since a high gain around 
the feedback loop is provided* fhe amplifier will supply an output 
voltage of about 100 r»s volts without distortion* and with a 100 
volt d“=o output ths amplifier will operate into & load resistance 
of 10*000 ohms* 

She amplifier has been designed to be stable vztder ail opera*' 
lag conditions* She design involves the use of an attenuating 
network which is effective in the frequency range of 10® 000 to 
5® *000 ©ps and lead networks which are effective at high, frequen- 
cies* In its preseat form the circuit shows no tendency to oscillate 
under normal conditions* and remains stable when used as a different 
tiator with a square wave input* 



AJ5PMKER CC®S2E»CTI0B 



fhe information necessary for construction of the amplifier 
and its. power supply is gives in Brewings £E 331.323 -S* Insofar as 
possible components should be mounted os terminal strips and cos- 
Seated to piss os tube socket by short lengths of insulated copper 
wire* Where it is necessary to have long signal leads, shielded wire 
should be used in order to minimise stray pickup which might lead to 



parasitic oscillations* fMs 
.pat sad output plugs (shown i 
and to the leads to the aero 



; applies to the cabled leads to the tnr 
.ii i ksg e SK 331324 - ) on the front panel 
test point switch* 



She input and output leads from a given amplifier should be ccc-i- 
nested to corresponding terminals on their respective Joses Plugs* 
She grid zero switch circuit should be arranged so that the test 
point jack may be connected to any one of the amplifiers* 
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She amplifier chassis is arranged with its tube axes horizontal* 
Stts arrangement facilitates tabs removal, prevents the trapping of 
heat under the chassis and permits connection ceding of the tubes « 

power soppzar 



power requirements are such that tea amplifiers say 
be fed from ons power supply of the type shown ia the aceoapasylag 
drawings. Shis supply provides regulated, voltages as follows: 

{!) 300 volts at 300 sa t ( 2 ) 105 volts at 20 aa, ( 3 ) ” 15 ® volts at 
250 m sad (4'-} -300 volts at 20 m» Filament transformers supply 
unregslated 6=3 volt© &-c at 2-5 amperes to the amplifier filaments 
and choppers . 
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She operating characteristics of the d-« amplifier described 
above seat the requirements of the analog computer ia which the 
amplifier will be used. Sfhese characteristics ©-re as follows? 

(1) Cain without feedback — - Approximately 2,000,000 

(2) JfBadmm output current — i: 1© ssHliamperes 



( 3 ) Uaxissm output voltage ± 100 volts 

(4) Jtaissaa accurate multiplication More than 1000, 



(5) Integration error for 110 



Less than 0.05 volt /min. 
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